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Several noninvasive techniques, including radionuclide
angiography and Doppler echocardiography, have at-
tempted to measure the regurgitant volume in patients
with mitral regurgitation; however, none of these tech-
niques are entirelysatisfactory. Utilizing a computerized
light pen method for tracing the left atrial endocardial
border during systole and diastole in two orthogonal
planes (apical four and two chamber views), biplane
volume determinations were calculated in 12 normal
subjects and 30 patients with nonrheumatic mitral re-
gurgitation. Leftatrial emptying volume determinations
were performed by subtracting the left atrial end-dia-
stolic volume from the left atrial end-systolic volume.
The degreeof mitral regurgitation was visually assessed
as normal (0, trivial, Group I, 12 patients), mild (l +,
Although echocardiography has been reliable in diagnosing
the cause of mitral regurgitation ( I), it has been disappoint-
ing in the quantitative assessment of patients with mitral
regurgitation. However, echocardiography may provide in-
direct information in patients with severe mitral regurgita-
tion by providing measurements of left atrial and left ven-
tricular size as well as wall motion (2). Two-dimensional
echocardiography can differentiate between mild and severe
rheumatic mitral regurgitation by the evaluation of mitral
valve closure in systole (3). Recently, left atrial volume
overload has been described as an additional diagnostic fea-
ture of significant mitral regurgitation, and marked expan-
sion of the left atrium during ventricular systole was present
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Group II, 4 patients), moderate (2+, Group III, 8 pa-
tients), moderately severe (3+ , Group IV, 12 patients)
and severe (4+, Group V, 6 patients) by contrast left
ventricular angiography and also quantitatively by re-
gurgitant fraction at cardiac catheterization.
All 18 patients with moderately severe (Group IV)
and severe (Group V) mitral regurgitation bad a left
atrial emptying volume greater than 40 ml compared
with noneof the normal subjectsand patients with mild
(Group II) or moderate(Group III) mitral regurgitation.
There was good correlationbetween leftatrial emptying
volume and mitral regurgitant fraction ( r = 0.85, P <
0.01). Thus, in patients with nonrheumatic mitral re-
gurgitation, left atrial emptying volume is useful in sep-
arating mild from severe mitral regurgitation.
in patients with significant mitral regurgitation (4). This
finding was not apparent in patients with mild regurgitation
and was absent in those patients with predominant mitral
stenosis.
The purpose of this study was I) to measure two-dimen-
sional echocardiographic phasic left atrial volume changes
using a microprocessor controlled light pen system, and 2)
to assess phasic changes in left atrial volume as an index
of the severity of mitral regurgitation in patients with non-
rheumatic mitral valve disease.
Methods
Study patients. Forty-two patients were examined by
two-dimensional echocardiography within 48 hours of car-
diac catheterization. There were 22 men and 20 women
whose ages ranged from 23 to 75 years (mean 55). Twelve
of the 42 were normal as demonstrated by cardiac cathe-
terization, and had normal hemodynamic values, left ven-
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triculograms and coronary arteriograms. The remaining 30
had nonrheumatic mitral regurgitation, including II with
coronary artery disease and papillary muscle dysfunction
and 12 with severe mitral valve prolapse or a flail mitral
valve, or both. Two patients had coronary artery disease
and associated mitral valve prolapse. Four patients had pros-
thetic mitral valve dysfunction and a paravalvular leak. One
patient had systemic lupus erythematosus and mitral regur-
gitation. Twenty-five of the 30 patients had normal sinus
rhythm ranging in rate from 64 to 104 beats/min and 5 had
atrial fibrill ation with ventricular rates varying between 74
to 88 beats/min. All patients with rheumatic mitral regur-
gitation were excluded.
Two-dimensional echocardiography. Echocardiogra-
phic studies were obtained with a phased array sector scan-
ner (Diasonics V-3400or V-3400R) and a 2.25 MHz trans-
ducer. The video-taped images were analyzed using a Sony
SVM 1010 videotape providing slow speed and frame by
frame forward features. Simultaneous electrocardiographic
recording was used for timing purpose. Left atrial volumes
were measured during end-systole (the largest dimension or
at end of T wave) and end-diastole (the smallest dimension
or at onset of QRS complex) from two orthogonal planes:
the apical four chamber and apical two chamber views.
In our study, the fo llowing criteria were helpful in stand-
ardi zing the left atrial views: I) Inall patients, the ultrasound
transducer was positioned at the point of maximal cardiac
impulse and angled toward the right shoulder until an image
was obtained that included all four cardiac chambers and
both the mitral and tricuspid valves. Thereafter, the trans-
ducer was angled to obtained the maximal left atrial and
left ventricular size while recording portions of both atrio-
ventricular valves. 2) In the apical two chamber view, the
aortic valve and aorta were included when outlining the left
atrial cavity. In addition, the difference in measurement of
the left atrial common axis shared by both apical four and
two chamber views was 3 mm or less.
The left atrial outline at end-sys tole and end-diastole was
traced in both views using a light pencomputer system (Fig.
I). Three to fi ve consecutive beats were measured and av-
eraged for all determinations (5). The volume determina-
tions were calculated according to the method of Dodge et
al. (6) using a biplane area-length formula: V = 8AI ' Az/
37TL, where Al and A2 represent the enclosed area of the
atrial chamber from two orthogonal views, respectively, and
L is the common axis shared and directed from apex to base.
Left atrial emptying volume is the volumetric change from
end-systole to end-diastole. Intraobserver variation for two-
dimensional echocardiographic left atrial volume determi-
nations was 5.0%.
Cardiac catheterization and angiography. All patients
underwent right and left heart catheterization, left ventric-
ulography and coronary arteriography in multiple projec-
tions. Left ventriculography was performed with the patient
in the right anterior oblique projection with a 9 inch (23
ern) image intensifier, and recordings were made on a 35
Figure 1. Left atrial border traced by the com-
puterized light pen method in apical four chamber
(top) and twochamber (bottom) views ina patient
with flail mitral valve and severe mitral regurgi-
tation. The left atrial emptying volume calculated
is 62 m!. A. Apical four chamber view showing
left atrial (LA)end-systolic outline. The length of
the common axis represented measures 6.7 cm.
The area calculated is 32.0 crrr ', B, Apical four
chamber view showing end-diastolic outline. The
length measures 4.8 em, The area is 21.5 crrr',
C, Apical two chamber view showing end-systolic
outline. The length measures 6.8 cm. The area is
34.0 em", D, Apical two chamber view showing
end-diastolicoutline. The length measures 5.0 cm.
The area is 20.0 crrr'. LV = left ventricle: RA
== right atrium; RV = right ventricle.
D
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mm fi lm with a speed of 30 frames/so The severity of mitral
regurgitation was assessed both qualitatively and quantita-
tively. Mitral regurgitation was semiquantitatively estimated
fromcontrast left ventriculography in the right anterior oblique
projection by noting the degree of opacification of the left
atrium using the scale I + to 4 + (7). Mitral regurgitation
was defined as mild (I +) when the regurgitant dye cleared
with each beat and as moderate (2 +) when the entire left
atrium was opacified but did not clear with each beat. In
moderately severe mitral regurgitation (3 +), the left atrium
was completely opacified with the same density as that of
the left ventricle. In severe (4 +) mitral regurgitation, the
left atrium was opacified with one beat, became progres-
sively more dense, and contrast material could be seen re-
fluxing into the pulmonaryveinsduring left ventricularsystole.
Quantitatively, the degree of mitral regurgitation was
calculated by comparing the angiographic (angio) stroke
volume (SV) using the method of Sandler et al. (8) and the
Fick stroke volume as follows:
. . Angio SV - Fick SV
Regurgitant fraction (%) = . x 100.
Angie SV
In the five patients with atrial fi brillation, the angiographic
left ventricular stroke volume was measured using left ven-
tricular end-diastolic and end-systolic volumes; the angie-
graphic cardiac output was calculated using the previous
cardiac cycle length to determine the heart rate.
Data anal ysis. Two-dimensional echocardiographic
measurements and catheterization data were analyzed in-
dependently by different investigators without knowledge
of the results of the others. Measurements are presented as
mean ± standard deviation or range. Statistical correlation
between the two-dimensional echocardiographic and cath-
eterization measurements was made using linear regression
analysis, including 95% confidence intervals for the data
and standard error of the estimate by the normal manner.
Statistically significant difference wasdetermined using Stu-
dent' s t test or chi-square analysis when appropriate.
Results
Clinical characteristics and two-dimensional echocardio-
graphic and cardiac catheterization data of the 42 patients
are summarized in Table I. According to the visual semi-
quantitative estimation using contrast left ventriculography,
the patients were divided into fi ve groups: Group I included
12 normal subjects without mitral regurgitation: Group II
included 4 patients with mild ( I + ) regurgitation: Group 1lI
included 8 with moderate (2 +) regurgitation: Group IV
included 12 with moderately severe (3+ ) regurgitation: and
Group V included 6 with severe (4 + ) mitral regurgitation.
The mean angiographic regurgitant fraction of these 30 pa-
tients was 42.4 ± 22.6% (range 6.6 to 84.7),
Relation of two-dimensional echocardiographic mea-
surements to the degree of mitral regurgitation deter-
mined by contrast left ventriculography. Table 2 shows
the two-dimensional echocardiographic measurements of left
atrial volumes compared with the severity of mitral regur-
gitation as determined by contrast left ventriculography. The
left atrial emptying volume as determined by two-dimen-
sional echocardiography increased proportionally with the
severity of mitral regurgitation expressed as mitral regur-
gitant I + to 4 +. All 18 patients with moderately severe
(Group IV) and severe (Group V) mitral regurgitation had
a left atrial emptying volume greater than 40 ml (Fig. 2).
The left atrial end-systolic and end-diastolic volumes
showed a significant difference betweennormal subjects and
patients with mitral regurgitation (probability [p] < 0.0I).
However. no significant difference was apparent among
Groups II to V when left atrial end-systolic and end-diastolic
volumes were compared. except when left atrial end-systolic
volume of Group 1lI was compared with that of Group V
(p < 0.05).
Relation of two-dimensional echocardiographic mea-
surements to angiographic mitral regurgitation fraction.
Linear regression analysis of 30 patients with nonrheumatic
mitral regurgitation was used to assess the relation between
two-dimensional echocardiographic phasic left atrial volume
changes and angiographic regurgitant fraction. Comparison
of left atrial emptying volumes (x) with catheterization re-
gurgitant fraction (v) revealed a good correlation coefficient
of r = 0.85 (standard error of the estimate = IL l) , and
the linear regression equation was y = 0.79x + 4.5 (Fig.
3). This shows that the severity of mitral regurgitation in-
creased proportionally with left atrial emptying volume.
There was also a correlation of left atrial end-systolic volume
(r = 0.68, standard error of the estimate = 15.3) and of
left atrial end-diastolic volume (r = 0.53, standard error of
the estimate = 17.8) with regurgitant fraction.
Left atrial volumetric changes and mitral regurgita-
tion in patients with atrial fibrillation . Of the fi ve patients
with atrial fibrillation, four had severe mitral regurgitation
and one had moderately severe mitral regurgitation with the
mean percent regurgitant fraction measuring 69.5 ± 13.0%.
The patients with atrial fi brillation had significantly enlarged
(p < 0.0 1) left atrial end-systolic volume (218.6 ± 101 .5
ml), end-diastolic volume (138.2 ± 84.7 ml) and left atrial
empty109 volume (80.4 ± 31.5 ml), as compared with the
patients with severe mitral regurgitation (combined Groups
IV and V. with end-systolic volume of 102.9 ± 27.0 ml,
end-diastolic volume of 52.2 ± 24.0 ml and left atrial
emptying volume of 50.7 ± 9.5 rnl , respectively). The left
atrial emptying volume in the five patients with atrial fi-
brillation correlated well with the percent mitral regurgitant
fraction determined by catheterization (r = 0.9 1, standard
error of the estimate = 6.2).
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Table I. Clinical Characteri stics of 42 Patients and Their Measurements at Catheterization and Two-Dimensional Echocardiography
Cardiac
Two-Dimensional Echocardiography
Age (yr)
Catheterization
Patients &Sex Diagnosis ECG MR MRF (%) LAEV (ml) LAESV (rnl) LAEDV (ml)
Group I: Normal Subjects
I 55 F N 17.5 30.8 13.3
2 60M N 345 57.8 23.3
3 59 F N 18.3 30.3 12.0
4 56 M N 27.0 45.9 18.9
5 55 F N 25. I 53.8 287
6 50 M N 15.2 278 12.6
7 54 F N 16.4 47.3 30.9
8 67 M N 28.3 53.5 25.2
9 59 F N 132 302 17.0
10 38 M N 25 2 39.3 14. 1
I I 23 M N 228 32.6 9.8
12 65 F N 29.6 68.0 38.4
Group II: Mild Mitral Regurgitation
13 58 M CAD N 1+ 167 24 3 95.6 71.3
14 62 M CAD N 1+ 6.6 18.7 88 6 699
15 62 F MVP N 1+ 160 28.9 47.9 19.0
16 47 M MVP N 1+ 17.3 31.1 75.3 44 .2
Group III: Moderate Mitral Regurgitation
17 53 F CAD N 2 + 28.0 35.1 103.6 68.5
18 73 F CAD N 2+ 29.5 39.6 135.0 95.4
19 68 F CAD,MAC N 2+ 31.2 38.8 76.2 37.4
20 52 F CAD N 2+ 35.8 36.4 60. 1 23.7
21 79 M CAD N 2 + 32 2 39.8 97 I 573
22 56 M FMV N 2+ 21.7 27 5 49.3 21.8
23 54 M FMV N 2 + 21.0 29 7 53.7 24.0
24 29 F MVP, FMV N 2 + 20.0 28.7 56.0 27.3
Group IV: Moderately Severe Mitral Regurgitation
25 28 F MVP N 3 + 58.0 47 .7 86.6 38.9
26 60M MVP, FMV N 3+ 61. 1 61.9 146.8 84.9
27 59 M CAD N 3 + 41.2 40. 1 86.2 46. 1
28 63 M CAD N 3 + 59 I 41.5 102 3 60.8
29 71 M CAD. FMV N 3 + 48.5 53.3 95.0 41.7
30 69 F CAD, MVP N 3 + 435 53.1 114.6 61.5
31 59 M CAD, PD N 3+ 32.2 51 4 86 2 34.8
32 32 F PD AF 3 + 66.8 72.1 308.6 2365
33 36 F SLE N 3 + 34.3 45.6 78.2 32.6
34 68 M CAD N 3+ 47 .5 48.4 163.0 114.6
35 33 M PD N 3+ 53.7 45.7 91.9 46 .2
36 63 M MVP N 3+ 72.6 76.0 122.6 46.6
Group V: Severe Mitral Regurgitation
37 62 F MVP, MAC AF 4+ 54. 8 43.9 96.7 52.8
38 35 M FMV,VEG AF 4 + 847 97.6 312 6 215.0
39 62 F MVP, TVP AF 4 + 600 63 3 126.4 63 1
40 54 M CAD N 4+ 34.9 49 .9 92.5 426
41 50 F PD N 4+ 63. 1 44.0 71.9 27.9
42 75 F FMV AF 4 + 81.0 125 0 248 8 123 8
AF = atrial fibrillation: CAD = coronary artery disease: ECG = electrocardiogram: F = female. FMV = flail mitral valve; LAESV and LAEDV
= left atrial volume during end-systole and end-diastole. respectively: LAEV = left atrial emptying volume: M = male: MAC = mitral anular
calcification; MR = mitral regurgitation : MRF = mitral regurgitant fraction, MVP = mitral valve prolapse: N = normal sinus rhythm; PD = prosthetic
valve dysfunctio n. SLE = systemic lupus erythematosus. TVP = tncuspid valve prolapse: VEG = vegetation.
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Table 2. Two-Dimensional Echocardiographic Left Atrial Volumes and Emptying Volume in Normal Subjects and Patients With
Varying Severity of Mitral Regurgitation Determined by Cathetenzation
Cardiac Catheterizanon Two-Dimensional Echocardiography
Panent Group MR MRF l%) LAEV (mil LAESV (ml) LAEDV (ml)
I: Normal (n = 12)
II. Mild MR (n = 4)
III: Moderate MR (n = 8)
IV' Moderately severe MR (n = 12)
V. Severe MR (n = 6)
1+
2 +
3 +
4 +
142 ::!: 5 I
n 4 ::!: 59
51.5::!: 126
63 1 ::!: 18 2
228 ::!:66
25.7 ::!: 5 5
345 ::!: 5.1
53 1 ::!: 11 4
70 6 :!: 33 .4
43 . 1 ::!: 132
76 8 :!: 21 I
78 9 ::!: 30 4
123 5 :!: 63 9
158. 1 :!: 98 .6
20.3 ::!: 90
51.1 ::!: 20.8
44.4 ± 26.8
704 ± 57.4
87.5 ± 70 .6
Abbreviation.. as In Table I
OoA----,---T'"'"---r---
Normel Mlld·Moderete Severe
MR (1,2+) MR (3,4+)
Contrast Left Ventriculography
Figure 2. Comparison of the two-dimensional echocardiographic
(Echo) left atrial emptyingvolume (LAEV) innormal subjects and
patients with various degrees of severity of nonrheumatic mitral
regurgitation (MR) as assessed by contrast left ventriculography.
mitral regurgitation is present or not. It appears that both the
subjective semiquantitative assessment and the mitral re-
gurgitant fraction should be combined in any study when
other techniques are compared in quantifying the degree of
mitral regurgitation.
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Left Atrial Emptying Volume as an Index of
Nonrheumatic Mitral Regurgitation
Normal left atrial volumetric and dynamic changes.
Quantitating the degree of regurgitation requires invasive
procedures. Several noninvasive techniques. including
radionuclide imaging ( 10- 12) and Doppler echocardiog-
Discussion
Estimation of Mitral Regurgitation
Subjective semiquantitative assessment. In our study,
the presence of mitral regurgitation was determined semi-
quantitatively by visual analysis of biplane left ventriculo-
graphy. and the mitral regurgitant fraction was derived from
the difference between the stroke volumes determined
by angiography and simultaneous Fick technique. Our data
showed a good correlation between the subjective assess-
ment of mitral regurgitation ( I + to 4 + score) and mitral
regurgitant fraction (%) as determined by contrast angiog-
raphy (r = 0 .82) . The subjective semiquantitative method
was used as the basis for comparing the two-dimensional
echocardiographic left atrial emptying volumes in assessing
the severity of mitral regurgitation. During cardiac cathe-
terization. the degree of regurgitation is usually determined
by observing the reflux of X-ray contrast medium after in-
jection distal to the incompetent valve. Errors may arise
from low cardiac output. increased dilution due to large
heart chambers. premature beats. position of the catheter.
the timing of the injection and the direction m which the
contrast medium is injected. The interobserver variation IS
high. so this method is more an approximate assessment
than a quantitation of regurgitation (9). The subjective na-
ture of this approach and the difficulty in comparing serial
studies, especially for the precise quantitative evaluation,
make this classification suboptimal (1 0).
Mitral regurgitant fraction. In our study. the mitral
regurgitant fraction was also used to provide an additional
quantitative assessment for comparison with the two-di-
mensional echocardiographic variables. However. catheter-
induced arrhythmias. difficulties in determining the borders
of the left ventricle and the hemodynamic effects of X-ray
contrast medium may infl uence the measurement. In this
study, 5 of 12 subjects without mitral regurgitation had a
minimal regurgitant fraction (6 to 30%) determined by the
methodof Sandleret al. (8). Therefore. separation of patients
with minimal regurgitation from patients without regurgi-
tation may be difficult by the quantitative method. This
problem has been emphasized by other investigators (9).
However, contrast ventriculographycan determine whether
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Figure 3. Comparison of the two-dimensional echocardiographic
(Echo) left atrial emptying volume (LAEV) and the catheterization
(Cath) mitral regurgitant fraction (MRF) in patients with non-
rheumatic mitral regurgitation. The medial lines on either side of
the regression line indicate the 95% confidence limits on predicted
mean y values and the lateral lines indicate the 95% confidence
limits on predicted individual y values.
raphy (13, 14), have attempted to measure the regurgitant
volume, although none of these techniques are entirely sat-
isfactory. To evaluate whether left atrial emptying volume
can assess the degree of mitral regurgitation, it is important
to understand the normal left atrial volumetric and dynamic
changes.
Murray et al. (15) described the following left atrial
volumetric characteristics: 1) The reservoir phase begins
with mitral valve closure and continues through ventricular
systole. During this phase, blood under propulsion from the
right ventricle returns through the pulmonary veins and is
stored in the left atrium. The maximal left atrial volume is
reached at ventricular end-systole. 2) The conduit phase
begins with mitral valve opening and lasts until atrial systole
begins. During the left atrial conduit phase, stored blood
and energy from the right ventricle are transferred to the
left ventricle during its early filling period. The largest change
in atrial volume occurs during this phase, before actual atrial
A
Y=0.79x + 4.5
r=0.85
n=30
SEE=11.1
contraction. 3) The contraction phase begins with atrial sys-
tole and continues through mitral valve closure. During this
phase, further reduction in left atrial volume occurs until it
reaches its smallest size. In normal subjects, volume changes
in this phase are less than those during the conduit phase.
In an angiographic volume study (16), left atrial emp-
tying volume measured an average of 42% of left ventricular
stroke volume, and atrial filling occurred only while the
mitral valve was closed so that 42% of flow in the pulmonary
veins took place during this period. The period occupied
about 43% of the cardiac cycle. The remaining 58% of total
pulmonary vein flow occurred while the mitral valve was
open, the atrium acting as a conduit or pipe to convey blood
directly into the ventricle. This pipe-flow function was per-
formed concurrently with atrial emptying. Thus, the left
atrial volume change per heart beat does not provide a mea-
sure of blood entering the left ventricle from the left atrium
during diastole. However, the left atrium serves not only
as a reservoir to store blood that will enter the ventricle
during diastole, but also as a conduit through which blood
flows from the pulmonary veins to the ventricle. The latter
volume of ventricular inflow is not reflected by a change in
atrial volume (17). The conduit phase cannot be assessed
by echocardiographic measurement of atrial volume changes.
Factors affecting left atrial emptying volume. Various
heart disorders may alter the phases of atrial emptying dis-
proportionately. In mitral regurgitation, the compliance of
the left atrium is an important determinant of the hemo-
dynamic and clinical state. It appears that the reservoir func-
tion is expanded by mitral regurgitation. In our study, most
patients had a modest enlargement of the left atrium, which
was not as large as that reported in patients with severe
mitral regurgitation secondary to rheumatic heart disease.
In the latter group, left atrial volumes were greater than 365
ml (17). The large cyclic left atrial volume change and
emptying volume seen in patients with mitral regurgitation
is in large part a reflection of the regurgitant flow from the
left ventricle. As shown in Figures 2 and 3, there is a close
relation between left atrial emptying volume and both the
visual assessment of severity of regurgitation determined by
contrast ventriculography and the mitral regurgitant fraction.
Our results suggest that left atrial emptying volume is useful
in quantifying the degree of nonrheumatic mitral regurgi-
tation. Patients with nonrheumatic mitral valve disease do
not have a significant degree of fibrosis or narrowing of the
mitral valve orifice. In addition, in those patients with severe
mitral valve prolapse or coronary artery disease, marked
anular dilation may be present (18-20). Thus, in these pa-
tients the left atrial emptying volume may increase propor-
tionately with the severity of mitral regurgitation. The cri-
terion for separating patients with severe mitral regurgitation
from those with mild and moderate regurgitation and from
normal subjects appears to be a left atrial emptying volume
greater than 40 m!. However, in acute and severe mitral
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regurgitation , the pulmonary veins must also accept a por-
tion of the mitral regurgitant flow . This phenomenon can
be demonstrated angiocardiographically by observingreflux
of contrast material into the pulmonary veins during ven-
tricular systole (21).
Role of atrial fibrillation. Theeffectof atrial fibrillation
on emptying function could not be adequately evaluated in
this study. However, from the limited number of five pa-
tients with atrial fibrillation , it appears that left atrial emp-
tying index is not affected by the presence of atrial fibril-
lation. With a normally functioning atrium, the decrease of
atrial volume during the cardiac cycle is, in part. a passive
phenomenon, unrelated to atrial contraction and reflects the
clastic properties of the atrium during diastole. There is a
further decrease of atrial volume with atrial contraction. In
atrial fibrillation , the left atrium could still perform the res-
ervoir function, distending and then partly emptying by
virtueof its elastic properties. The absence of a coordinated
muscle contraction limits its usefulness only slightly (16).
However, in our study, the left atrial volumes and emptying
volume in patients with atrial fibrillation were even larger
than those in patients with normal rhythm. This is probably
a rellection of the mitral regurgitation that was present in
manyof the patients with the largeratrium(17). Thus, atrial
fibrillation may be a manifestation of severe mitral regur-
gitation, a large left atrial chamber and chronicity of the
disease.
Very rapid ventricular rates may interf ere with the as-
sessment of left atrial volume changes . However, in our
study no patients had an excessive heart rate that mighthave
interfered with the data analysis. No significant influence
on the left atrial emptying pattern in using M-mode echo-
cardiographic study was observed in patients with a heart
rate of less than 85 beats/min and atrial fibrillation (22,23).
Other cardiac lesions, such as ventricular septal defect (24)
or patent ductus arteriosus, could produce left atrial volume
overload and presumably a high left atrial emptying index.
Accuracy of echocardiographic measurements. Inour
normal subjects, the end-systolic left atrial volume deter-
mined by the biplane area-length method was 43.1 ± 13 .2
ml, whereas the end-diastolic volume was 20.3 ± 9.0 ml.
These measurements were larger than those reported re-
cently by Gutmanet al. (25) (37 ± 11 .7 ml at end-systole;
13 ± 5.7 ml at end-diastole) using a similar technique.
Two-dimensional echocardiographic measurements of atrial
volumeare more reliablethan M-mode measurements when
compared with angiographic findings (26). Two-dimen-
sional echocardiography appears to underestimate the true
volume of the left atrium. Murray et al. (15) found that the
maximal left atrial volume was 63 ± 16mland the minimal
left atrial volume 31 ± 10 ml. Therefore , our study is
similar to that reported by Barrett et al. (27), who found
that two-dimensionalechocardiography underestimates ven-
tricularvolumes. Various factors, such as beamangulation ,
chamber foreshortening and improper endocardial defini-
tion, may account for this discrepancy. It was not the pur-
pose of this study to determine the precise left atrial volume
measurements, but to measure the change in left atrial vol-
ume as an index in assessing the severity of mitral
regurgitation .
Implications. Two-dimensional echocardiographic es-
timation of the severity of mitral regurgitation correlates
well with cardiac catheterization findings in patients with
nonrheumatic mitral regurgitation . Two-dimensional echo-
cardiography also appears to be helpful in quantifying the
degree of regurgitation in patients with coronaryartery dis-
ease who present with a mitral regurgitation murmur.
We are grateful for the technical assistance of E. Elaine Glazier-Laskey
and the secretanal assistance of Cindy Chapman
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